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RESISTANCE AND COOLING POWER OF VARIOUS RADIATORS
By R. H. Suvire

INTRODUCTION

This report combines the wind-tunnel results of radiator tests made at the Navy Aerody-
namical Laboratory in Washington during the summers of 1921, 1925, and 1926, and submitted
for publication to the National Advisory Committee for Aeronautics, November 29,1926. In all,
13 radiators of various types and capacities were given complete tests for figure of merit. Twelve
of these were tested for resistance to water flow and a fourteenth radiator was tested for air resist-
ance alone, its heat-dissipating capacity being known. All the tests were conducted in the
8 by 8 foot tunnel, or in its 4 by 8 foot restriction, by the writer and under condifions as nearly
the same as possible. That is to say, as far as possible, the general arrangement and condition
of the apparatus, the observation intervals, the ratio of water flow per unit of cooling surface,
the differential temperatures, and the air speeds were the same for all.  Also, for reasons of com-
parison, the L/D value of 6, which was assumed in the 1921 tests as the L/D of the airplane using
the radiator, was also used in the more recent tests.

No attempt is made to enter upon the theory of heat dissipation. Only the actual test

results are given and reduced to coefficient form. The precision of the tests as representative of .

full-flight performance is definitely known only in the case of the HN-2. The McCook Field
full-flight performance and the Navy tunnel performance of this radiator agree within about
3 per cent.

Since this full-flight test was made with unusual care and since the wind-tunnel tests on all
the radiators were made not only accurately but also at almost full seale, it would seem probable
that these tests represent quite accurately the full-flight performances in actual service.

DESCRIPTION OF RADIATORS

Nine radiators of the 13 had cores of the cartridge type whose irontal areas were uniformly 1
foot square. Figure 1 gives the external appearance of one of these radiators and Figures 2 and 3
are close views of core segments of each. Six of these 9 are known as G. and O., 2 as U. S.
Cartridge, and 1 as Rome Turney. For the heat-dissipation tests each was equipped with
headers of equal frontal area.

With these nine was tested a tenth radiator, known as the Lamblin, composed of evenly
spaced radial planes, whose outline was roughly that of a spheroid. The air flowing along the
major axis entered at the front end and passed out between the planes. Stream-lined hoops,
placed st the front and back, served as water headers as well as strengthening members.
Structural data for this radiator as well as for the first nine are given in Table L.

The other three radiators tested for figure of merit were manufactured by the Heinrich
Engineering Corporation. One, known as type HN-2 and illustrated in Figure 4, consisted
of 230 flat parallel fins three-eighths inch apart, each composed of tubes of 0.007 inch hard drawn
copper, flattened to about 0.50 inch by 0.07 inch and tack soldered edge to edge. These fins
were supported and connected with the main headers by thin branch headers into which the
flat tubes of the fins emptied. At the leading edge there was s shutier so constructed as to fold
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into the streamline form of the headers when closed, as in the figure, or to spread over the ends
of the fins when open. The approximate external dimensions of this radiator are 30 inches
length, 44 inches height, and 9 inches width. It contained about 206 square feet of radiating
surface and had empty and full weights of 113 and 173 pounds, respectively.

The other two Heinrich radiators, known as the Heinrich wing radiators, are illustrated in
Figures 5 and 6. They consisted of several thin fins extending vertically from the under surface
of the wing, each constructed in similar fashion and of like material to-those used in the Ieinrich
stream-line radiator described above. The over-all dimensions of the wing radiator fin was
5 inches width and 31.75 inches length. The two wing radiators differed only in the spacing
and the number of the fins; one had 9 fins spaced 1 inch, the other 6, spaced 1.5 inches.
Both were attached to a 40 by 36 inch wing of R3C3 section.

The fourteenth radiator, which was tested for air resistance alone, was a Curtis radiator
having & 9-inch cartridge core and over-all dimensions of 40 by 12 by 10.75 inches. This
radiator is illustrated by Figure 7. Tts full and
empty weights were 159.8 and 105.6 pounds,
respectively.

METHOD OF MEASURING AIR RESISTANCE

The air resistance of the radiator or radiator
core was determined, in most cases, by suspending
it by two or more wires attached to its upper
edges and running either to the tunnel, ceiling, or
through it to the ceiling of the laboratory above.
The radiator was then displaced downstream until
the displacing force exceeded the maximum &ir
resistance to be measured, then connected to the
balance shank by a horizontal tension wire. Lat-
eral motion of the radiator was prevented by two
taut cross-tunnel wires with eyelets through which
two guide pins, projecting upstream from the upper
and lower edges of the radiator, had only slight
lateral freedom. The downstream movement—of
the radiator due to the wind was negligible, hence
no correction of the measured resistance for gravity
was required. To determine the correction required
to reduce the measured resistance by the resistance
of the suspending wires, a second run was made
with double wires, the additional wires being
placed beside the permanent ones and 10 or more
diameters away. The increments of resistance thus found, due to the additional wires, was
taken as the resistance of the permanent ones and was subtracted from the radiator and
single-wire resistance as the wire correction. The_resistance of the horizontal wire was
negligible. L , L i

Figures 7 and 8 illustrate the Curtis radiator mounted in the tunnel ready for an air-resist-
ance test. All the radiators or radiator cores were tested for air resistance in a similar manner
excepting the two wing radiators, for which the method of mounting was necessarily a little
different. .

The two Heinrich wing radiators were given air-resistance tests assembled to a wing segment.
This wing segment was supported in the inverted position at zero degrees angle of attack by
four vertical suspension wires, as shown in Figure 5. The wing was restrained from downstream
movement in the wind by a compression rod running horizontally from the balance shank to
the trailing edge of the wing, and from lateral motion by cross-tunnel wires, both vertical and

Fi1G. 1.—Typical test radiator
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horizontal, with eyelets at the intersections, through which guide pins, projecting from the
leading edge of the wing had only small lateral or vertical freedom. The wing lift, being down-
ward, was borne by the four suspension wires, the drag by the compression rod and the balance
shank. The resistance of the radiator was determined from two tests, one made on.the radiator
and wing assembled as in Figure 5 and the other made on the wing alone. The differcnce of.
the resistances was taken as the radiator resistance. -~ -

METHOD OF MEASURING RATE OF COOLING

The general appearance of the apparatus for a c.ooling test is portrayed in Figure 9. The
radiator was supported symmetrically in the tunnel throat by 8 taut stay wires, 4 at the top
running obliquely up to the tunnel ceiling and 4 at the bottom running obliquely down to the
tunnel floor. Hot water pumped from the supply tank, shown to the right, was passed through
the Venturi meter, thence through the radiator and the return pipe to the same tank, which
was kept at nearly constant temperature by means of a steam-heating coil. Thermometers
which were accurately calibrated were carefully inserted to the same depth in the supply and
return pipes to measure the temperature of the water upon entering and leaving the radiator,
and a third was inserted through the wind-tunnel ceiling to measure the temperature of the
general air stream.  The rate of flow of the water through the radiator was measured with
the standard Venturi. The speed of the undisturbed air approaching the radiator was measured
in the usual way with a Pitot tube and manometer, the Pitot tube being placed sufliciently
upstream to avoid blanketing by the radiator. The manometer and Pitot tube-in this position
were calibrated to read the air speeds in the position occupied by the radiator.

MEASUREMENT OF WATER PRESSURE-DROP INSIDE RADIATORS

The pressure difference of the water on éntering and leaving the radiator due to various
rates of flow was measured by two U-tube manometers, one in each header.

RESULTS OF THE TESTS

Tables I to V, inclusive, show, for the various sir speeds noted, the heat dissipation and
air resistance, both as measured and in coefficient form, and the ratio of the two expressed in
terms of power, which is defined as the figure of merit. Table I contains the results of 13
tests on 10 radiators—the Lamblin radiator was tested at four rates of water flow—the data
given for each test being condensed from data as observed and recorded in Tables II, ITI, and
IV. These latter three tables give the data in uncondensed form on the three Heinrich radia-
tors. The six observations for each air speed were taken at two-minute intervals after fairly
steady air speed and water flow were obtained and thermal equilibrium was established. Each
observation given in Table I is the average of six like observations. Various defiritions, con-
stants, and radiator dimensions are supplied in the tables. '

The air resistance of the radiators or the radiator cores, as given in the five tables and
plotted in Figures 10, 11, and 12 is expressed by the general equation R= KV* where n varies
from 1.84 for the Heinrich wing radiators to 2.13 for the Heinrich stream-line radiator. For
the cartridge core types n varies from 1.95 to 2.02. __

~ The figure of merit, which is the final object of the tests, diminishes continuously with
increase of velocity. For the cartridge core types the figure of merit decreases roughly with the
increase of the velocity squared, while for the wing radiator types it decreases nearly with the
increase of the velocity. In the case of the cartridge core types the short tube radiators have
greatest merit at low speeds, the long ones at high speeds. This is clearly shown by the U. S.
Cartridge radiator with 9-inch tubes. This radiator has the least merit of the nine at low speeds,
but is the most efficient at speeds above 130 miles per hour. The figure of merit of the parallel
fin type radiator, such as the Heinrich wing radiators, is about the same as that of the best
cartridge core at airplane landing speeds, but is distinetly better at the higher air speeds. Fig-
ure of merit plots are given in Figures 13, 14, and 15,
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The pressure heads required to maintain different mass rates of water flow through the
various radistors are given in Tables VI and VII and are plotted in Figures 16 and 17 for all
13 radiators except the Heinrich stream-line radiator, upon which these measurements were
omitted. The pressure heads have the general form p= Kv* where, for all cases measured,
n varies from 1.86 to 2.00. The formula for pressure drop in terms of turbulent fow speed,
commonly given in works on fluid dynamics, is p= Kv*®. :

The tables and diagrams given in this report may be analyzed in different ways, depending
upon the experimental facts desired. No attempt is made here to enter upon such analyses,
although the material is presented in a form as complete as possible for this purpose. Like-
wise no expression of opinion is given touching the suitability of any radiator or type of radiator

for any particular use.
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Tasre I.—FIGURE OF MERIT oI

Temperature in degrees F. HP.
- B.t.u. Py
o) ! dissi-
pate Totar | ated
per C per resist. ‘per 1002 HP, ab- . T
; ) . R Iminutel [£00° | Total | ° 720" | differ- | sorbed -
: . Alr Rateof| forl differ- | resist- tencaof [ per i D
| Name of radiator with speed Mean | oS are jeTice be-f ance of | p:;re temper- square |2 EU10, B
! miscellaneous datat ML P, . Dif- ; differ- s, } 84 tween radiator] 3313 | atire | foot of |2 e
1 AirinWaterWater 5 for- pounds! foot i, | foot of | =H}P
I E- Itunnell inlet @ outlet | YeaR| fer- j ence, iore ol fpontal | AR [COTe, 10| poyygp Der frontal
i ence | airand per | area of water :pounds; areg | Sduare | ares
water (minntel core |20€ 2T =R Ef?:étg.fl =
. mﬂy, ares -1 T
=C® —F E [
30 9 185.5 | 178.5 | 182 7 85 101.5 687 808 | 1.635 ) 1.635! 18.9v ) 0.706 | 26.88
0-inch U. 8. Cartridge.. 501 €8 189.5 | 177 183.2 1 12.5 85.2 1 1,202 | L411 | 4.544 | 4544 33.13 1.563 | 21.21 -
; W=43.17 pounds. | 70| 1001 184.5 | 168.5 | 176.5 | 1 7a.5 1,515 | 2,008 8927 | 8.927( 47151 3.007} 15.67 -
; A=1.00square foot. 90 | 103 186 168 177 18 T4 106 1,844 | 2,491 | 14.920 | 14.920 | 58,48} 5.303 } 11.01
| D=3.35 per cent. | 110 | 106 184 165 174.5 | 19 63.5 | 1045] L9319 2,800 | 22120 [ 22,120 65.74] 859l 7.65
i I 130 | 115 181.6 ; 164 172.8 | 17.6 3.8 | 105 1,786 1 3,000 | 3L.170 | 3L.170 | 72.55 ) 13.235 ] &.46
i 30] R 1845 1 177 180.7 | 7.5 88.7| 105.8 T2 80| 1715 1.748| 20.43 L4221 48 41
¢ 4-inch U. 8. Cartridge__!] 50| 93.51188 176.5 | 182.2 | 11.5 88.7 | 102.8] 1,150 1,296 | 4.814| 4.915[ 30.43 1.126 | 27.01
i B=21.25 pounds. i} ¥ 96 182.5 1 169.5 | 176 13 8 107.5 1 31,3587 1,697 | 9.567 | 9.758 [ 39.85 | 2.480: 16.06
' A4=0.98 square foot. Q! o8 186.5 | 170.5 ) 178.5} 16 8§0.5| 1045 31,6251 2,019 | 15820 | 16,150 | 47.41 4£.722 1 10.64
! D=4%6 percent. | 110 ] 104 17¢ 164 175§ 15 67.51 105 1,530 1 2,267 [ 23.820 | 24310 | 53.23 | 8.163 | 6.52
! L 130 § 112 180.4 | 166 173.2 1 14.4 8L.2 | 105 1,470 | 2,402 | 33.470 | 34.15 56.40 | 13.054 | 4.32
E 30 96 183.5 ; 177 180.21 &5 g4.2] 106.7 871 TOTy L4835 L1485+ 1871 L423 | 44,25 e
5-inch Rome Turney.__.| 50: 97 i82 i72 177 10 &0 105.2 1 1,018 | 1,273} 4.004 | 4.004 | 20.89 | 1.053 [ 28.38 - .
' WF=2234 poands. w0 i0¢ 183 170 176.5 | 13 76.5) 103.5| 1,302 1,702} 7.897 | 7.897 . 39.%6| 2.182 | 18.30 - =
' A=1.00square foot. 90 . 104 183 ig9 i76 4 72 105.5 | 1,420 1,984} 12.900 ] 12.900 ; 46.58 | 4.008 [ 11.62
. D=3.27 per cent. 110 § 105 1885 1725} 1805 18 75.5§ 106.7| 1,651} 2,188 19.200]19.200 | 5L.37 | 6.743 [ 7. 6L
} ; 130 | 113 186.8 ; 172 179.4 [ 14.8 €6.4] 1052 L 506 | 2,200 26,570 | 26.57G | 53.30 ] 10.520 [ 5.67
! . o3| 91 181.4 ¢ 175 176.6 | 7.3 561 102.5 7 847t 1.695| 1.713| 19.89 .467 [ 42.58 ~
" 5-inch G. & 0.176504.__]] 50! 925 182 17151 176.7 | 10.5 845} 104 1,058 | 1,233 1 478 4.835 ) 2642 ] L 194 K 2465 _
| W=2477 pounds. ] 70 175 163.5  160.2 [ 1L 5 73.3 ] 106.8| 2,191 | 1,625 | Q.447| 9.54 3816 255 {1496
| A=0.99 square feet. 90| 9 170.5 1 166 172.7 | 18.5 8.7 107 1,401 | 1,903 [ 1574 | 15.89 44681 4.801| 9.29
. D=3.98 per cent. 110 | 103 1815 [ 167.5 [ 174 5 | 14 7.5} 103 1,359 | 1,955 | 23.52 | 23.7. 45.9 8171 | 562 _
i 130 | 113 185 170 1775 [ 1a 645 100 1,414 | 2,192 | 33.07 | 33.40 51.47 1 13 3.96
i 30 | 100 1845 178.5 | 181.5 | 60 SL5] 102.5 593. 730 ] L615| 1.675| .17.14 331 518
| 3imch G. & O.176507_..'1 50| 101 189 180 845 ¢ 83.5 | 103.8 904 | 1,082 4504, 4504 | 2541 27. 04
W=1475 pounds. | ¥ 102.5 , 1874 | 177 182.2 | 10.4 9T 104 1,046 1,312 8977 8977 | 30.81 | 2,133 | 14 44
; A=1.00squarefoot. .} 20| 106.5: 183 174 179.5 | 1E 73 105 L,11§ | 1,532 1482 {1482 25.97 | 4.142| 8.68
: D=3.22 per cenf. | 110! Ii1 I8¢ 2| 175.5 | 181.3 | 1L.7 70.3 103 1,166 1,658 | 22.02 | 22.02 38.93 | 7.173| 5.43
H 130 | 120 182 172.5 1 177.3 ) ¢.5 §7.3 | 1038 g5t} 1,665} 30.87 | 30.87 30.09 [ 11.543 [ 3.39
30 ; 101 183.9 ; 191 187.41 7.1 6.4 | 103 721 834 1.355| 1.369 ] 19.58 L464 [ 36.65
5-inch G. & 0.176503.__}] 501 101 175.5 ;185.5 ) 180.5 | 10 7.5 101.2| 1,000 L2588 3.674] 3.73 20.54 | LO0IZ;28.18 _
W=22.89 pounds. ;] 70 102 177.8 j 191 184 4 [ 13.2 8241 103.5| 1,351 1,641 70871 T7.162; 38.53 2.047 | 18.82 LI
A=0989 square feet.’] 90 : 104 175 190 1825} 18 8.5, 1045 1,550 L975} 1L64 | 11.7% 46.38 | 3.736 : 12.4
D=3.25 per cent. 110 § 108 174.7 1 190.5 | 182.6 | 15.8 746} 105 L,640 | 2,195 [ 17.22 | 17.400 ] 57.61| 6.218] &3 N
. 130 | 111 174.1 1 180.3 { 181, 7 | 1a.2 TT} 106 5921 2,250 23,87 | 24.14 52.83 ] 9.6s82 ; 5.46
30, 9L 167.8 § 100.5 1 1941, 7.3 103.1| 1056 721 699 | 1445, 1445 1641/ .27 ! 60.6
2-inch G. & Q.176505...'f 50} 92 190 181 185 g3 834 896 | 3.964, 3.964| 2104, .T88; 2671
W=1190pounds. | 70} 95 188 178 183 10 8 101 945 | 1,062 7.587 | 7.587 | 2494, 178} 1402
A=1.00squarefootl.'] 90| 98 180.4 + 170.5 | 17541 4.9 77.4 1 100.2 g28 | L1198 | 1242 | 1242 2813 : 3.45: 817
D=6.45 per cent. 110 | 101 195.5 | 183 186.2 © 12.5 8.2 101 1,182 ] 1,341 ] 13.42 | 18.42 3149, &.97 5.28
[ 130 | 110 185.2 1 1756.2 | 180.2 ; 10 0.2 | 1022 56 | 1,862 | 25.57 : 25.57 31,98 9.532] &.38
] . 1
[ 30} 92 191.5 ¢ 181 186.2 | 10.5 943 | 1061 %¥1, 114} 1,182 ) 1.855 .. _.__; 20,75 | 1.03% [ 26.72
Lamblin radiator____.__| 56 94 186.2 ! 173 179.6 ; 13.2 85.6 [ 106.4[ 1,404 ! 1,640 ! 17.35
=66.3 pounds. || 70| 96.5| 185 16¢ 177 16 80.5 | I061| 1,608 ( 2,110 : 1L96
A={ull size. Y 00|00 |1re2ii83 |I7ni'l62| TL1] 1061| LTI®| 2418 : 7.94 )
D=0. i 110 | 103 187 168 i7T7.5, 19 4.5 1 106.97 2,031 | 2,729 : 538 -
I 130 | 109 1845 166 175.2 0 18.5 66.3§ 105.7] L9356 295 3.94
‘ 3| % 1814 177 179.2 ‘ 4.4 83.2 1 198 871 | 1,048 1.955 2461 10381 23.71
.Lamblin radiater______!| 5| 97 186.5 [ 179.6 1188 | T £6 199 1,393 | L620| 5.614 38.04§ 2219 17.15
W=g6.3 pounds. ] 70| 100 184.5 | 176. 180.2 ) 8§ 821 208 1,725 | 2,150 | 11167 50. 43 i 4,144 1 12,18 |
A=full size. i 90| 002 1813 | 172 176.5, 9.3 74.6 | 205 1,806 | 2,558 | 18.72 60.06 , 7.137 ] 8.43
D=0. | 110} 109 i10.8 | 171.5 | 176.1 . 8.3 67.1 7 206 1,80 | 2,770 65.04 ; 11.477 | &.67 - -
i{ 130 { 115 177 168.5 | 172.7 ' 8.5 57.7 1 203 L726+ 2,990 [39.67 '._______| 70.21 § 17.564 | 3 T

t W=weight of 1 square foot frontal area of core with water; 4=frontal area of core tested; D=percentage. B. {. u. deduction due to header
area considered as equivalent to core area. i

2 Note ares correction and deduction of percentage due to headers.

i Headers were not removed; results not comparable with other tests.

HP. absorbed=(R V-+1£ W 1) 0.002664, where V=air speed in M. P. H.; R=resistance per unit frontal area-pounds; W =weightof full radistor
per unit frontal area—pounds; 6=ZL/D) of airplane—assumed. . . ,
HP. dissipated=0.02348X(B. t. u.).
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Taspre IL.—FIGURE OF MERIT—Continued

Temperature in degrees F. t HP.
el e
: i- tpated | 7 . -
s pated | C per g’éﬁ per 100° EP, ab-
. : - - [ Rateof iper 100° | Total ance | Giffer- i sorbed B
R Adr - . o - Iflow, minute differ- | resist- or | ence of i DE | pre
Name of radiator with jspeed i Mean ‘pounds] for1 'ence be- ance of s Il}mre temper- squafre of I%%f'itf
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H. tﬁg;& W;ﬁggr E)Vuﬁ:tr Mean : fer- | ence, | per | foot | mean jcore,in [ff(?xitg'fl per | frontal] = HF
: - ence ; air and minute| frontal| water pounds ares | 3Quare! ares
H : water area of fand air —p |footef: =P
core frontal! E .
only ; areg _ . .
=C @ =H L

o f 3! 8 1855 | 182 83,7 3.5 . 947 298 1,043 1 1,104 ] 1955 25.92° 1,038} 2495
i 501 90 188.3 | 183 185.6 | 53 95.6 | 297 1,574 1 1,846 | 5.614 38.65 | 2.219 | 17.42
- 70 93.5)18L.2117 178.1 ) 6.2 8461 32 1,872 1 2,215 | 11.167 52 4134 | 12.5¢
a8 180.56 | 173.5 | 177 7 79 02 | 2,114 2,680 18.72 | ______. 62.03 | 7.137 | 8.82
L=, ! “ 110 1 102 189.5 | 181 185.2 ) &5 83.21°302 ; 2,567 3,085)2812 72.44 T 1477 | 68
130 | 108 178 171 174,51 7 66.5 | 302 i 2,114 | 3,180 | 89.67 .o} TA6T 1 1T.064 ) 425
30} 96.8)170.54176.5 178 ., 3 81,2872 ! 1,116} 1,374 | 1.955 32.26 | 1038 3L0O5
Lamblin radiator......- 4 B0 97.7 ) 180 175.8 | 177.9 . 4.2 8.2 368 ; 1,546} 1,930 B.614 |ooonea . 45.32 | 2,218 20.45
W=66.3pounds. } 70 )10L.2178.5)173.4 1759 51 7471 375 1 1,913 8,560 1 11167 L ... 60,11 ; 4.144 ;1451
A=full size i 90 06.81183.8 177 |180.4, &.8 83.6 | 378 { 2,571 ¢ .3,080 ) 18.720 72,321 7.187 | 10.13
: D=0, S f 110110221 180.2 1 173.2 [ 1767 ;7 74,51 368 | 2,576 3,455 ) 28.1 8L.12 ! 11,477 706
: ’ 140 | 113 184 177 1805, 7 67.5 | 367 2,669 | 3,803 | 39.67 88.34 [ 17.564 | 5.08
! oo {30 01 182 177 179.51 & 88.5 467 528 | L6365 1.635) 1230 .351)44.¢
i 2-inc oo 50 | 92.5 | 188.8 | 182 185.4 ! 6.8 2.9 696 749 1 4.514 | 4514 17.50 21.95
i , 01 9% 150.5 | 180.5 | 185 9 90 85¢ 010 | 8757 | 8757 | 2228 1. 13 | 1. 65
- 1 97 186 176 181 10 84 93¢ 1 1,112 14,42 |[14.42 28,11 ;. 3.8181 6.8
! " 118 | 105 182.5 | 173 177.71 9.5 2.7 907 | 1,248 21, 21.52 20,3 87471 4.35
| L 140 | 108 187.5 | 177.2 | 182.8 | 10.3 74.8 951 1 1,271 {380.17 |30.17 20.84 1 10.069 | 2.72
’ 301 96 188.5 : 182,51 185,51 6 | . 8.5 588 657 | 1.435 | 1.453 [ 15.43 44 13505
[ S-inch G. & O, 176502_.[}. 50 | 98 185.5 1 178 8.7 7.5 8.7 739 883 | 4.114 | 4166 20.73, L097| 1891
: W=24.4 pounds. 70 1 100 183.8 | 174 178.9 ¢ 9.8  78.9 \ 963 | 1,220} 8157 8.25 28.65 | 2.207 [ 12.48
1 - LRI 90 | 103 187 174.5 1 180.7 1 12,5 ¢ -77.7 1,230 1,584 | 18.57 |13.73 3719 4.267 | 872
f - .. ' 110 | 108 184.5 | 171.5 | 178 13 70 1,282 7 1,832 1 20.52 | 20.78 43.02 ¢ 7.281 | 5.01
l l( 140 | 114 185 172 178.5 { 13 64.5 1,308} 2,029 | 28.68 | 29,02 47.64 [ 11,459 | 4.16
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TasLe [IL.—FIGURE OF MERIT FOR HEINRICH STREAMLINE RADIATOR!

Temperature in degrees F. Bt HE.
L WL dissi-
i dissi- c Total pated HP . N
E Rateor | PERY periooe | Toral | RS | TEAN fubsorted '-
: oW, ; ; er- , resist- per :
| sie | s | it SET | S50 | B | oot | o, o
s Alrin | Water | Water | 4 Differ-| Lfer- jofwater| o, between sadiator,| toor o | ture per | 100LOf | =pfP
- A A sq! . 00t 0 ure pe - }
1 ean ence, per i mean in < radiat :
tunnel | inlet | outlet ence il £ foot of | radiat- | square ;. "
; air and | minufe radiat- watier | pounds ing sur-| foot of ing sur-
H R 8 apn = 2 -
| waler %ng suz: and air face=R | radiat- face=# -
M ace= ing sur- T
[ facg =H?
8 by 8 foot tunnel )
100.0 | 1830} 1765} 179.7| &5 9.7 58] 1L8] 142 [ - 0.333 | o .
90| 1680 16L5| 18T| 03| gar 36| IL5] 172 . 4 331
. 0| 160.5] 7.0| 7L 34| 124| 169 397 32.5
300 66| 18Lo] 139l 17T5| Ti| 9 %3] 125]| 159l 28| s0120 3731 00122 ¢ 4y
ga.0| 8tef 17451 17LT| 65] .7 362 | iL4| 143 134 28,0
00.7 | 182.2] 176.0| 119.1| 62| 794 32| 10.9] 138 3% 28.6 7
100.6 | 183.5} 4.5 1787 9.0] A7 365] 159[ 2L¢ .515 E 22.2 -
W0| 185) a3 10 .01 1.0 <l 59| a2rs 52 29,1
. 6| 185.0] 176.0] I70.5 0| 605 365 159| 92631 . 518 %.6
S0y 120} 80| 17r.0; 1715 9.0| 595 366 | 150 o67|[ 9| -085 Tear | -0B2 Y o7g <
neo| 1sno| 1781 1826| 89| 656 366 | 15.8| 23.2 1545 2.5
150 184 179.2) 185.3| 83| 683 36| 11| 233 sy | 1 B .
. i o
150! 1820 3.1 177.6| 89| 626 36¢| 157| 5.2 .502 1148
He.of 1m0 1oz| Le) £8| me 33| 155| 265 6% 1 157
o | 120, 10l 171.8 1 1765 1] 5.5 365( 61| 285 ,s : 669 ] 168
1099930 1817] 185 177.6| 82| 546 1] 145| g fl%40] .0W9 625 ' -0 4 157
1220 18.0) 7501 1mo| se| 5o 32| 1L2| one 1655 | 185
1300 | 1840| 160! 186} So] S0 365 | 14.2| 255 670 L 189
I -
£by § foot tunnel _ T
coo0f ms0! meo| mes| 7ol sos wol o] 1er! 33| 7.1 -
90| 183) lies| 1800, 7.0 8.0 gy 126 143! 1336 | 27.5
! 1} 1500 1m3| T 17 ' 72| 21| 143 1336 7.5
309 922] %00 170 1i6.5] 70| 843 33| 12.7] 151l *48| 00X 3551 -0Z g 59
=] | e25! Lol ITLo| IR5| TO| &0 3:3| 127] 149 350 1ol
E: i 925| 1825 | 175.6| 179.6] 69| 865 73| 125 msi 341 7.9
G ff o0l 18.5] 172.0] 167| @5 8T 37| 1nal- oLi| ! 456, 21.4 '
§ostsl lw2) mol) Ll 101 2.6 g | iw:l ms | el 231 -
Joosol L1 15| 1 .5 3 561 IT5| 2050 . |l l50a 218 R
5 3 o955] 1800 170.8| 175.4| 92| 70.9 36| 68| onol] T28| 0834 ye3ir 0224 o3 T
%0 1820 72.2] 7n1. 98| 8L1 36l 1ra] a1 s 293 -
| 9651 187 17s1| 179.8] 86| 8.8 36 17| 19.0 | 446 193
frroz0! 18eol 1720] 10| 120] 60 39| 221] o1 r .68 17.1 -
j 1025 182 IS | TE 1Z4f 7 g0l zel .0 N lios 17.6
-} 1030 0l 10| 1me o] %0 7 1 3 . _ 702 | 175 ;
3 a| 12| 1681] a1l 121| Tiel s | 23| sLolfiFMO) -OME4 gy BOLG gy =
| 1oe0f 18.2] 1665} 17%.3| 17| 7.3 3l 3L5| 302 o re J 1%.7 -
1045 | 1507 169.8| 175.3] 19| 0.7 28| 00| 2.3 i lees 166
106.1] 180.1| 1675 173.8] 126 67.7 378 2.1 342 I .803 12.6 t
1080 18001 1601 | Ime) 129 g6 I0| ms| 63 | I8 | o13d s
1084 179.2 7 12.7 1 5 5 . 1858 113
9 ¢ 1100 190! 167.0] 1130] 120| 630 351 | 22| 353|[25-990| 12604 gl (068 5 33
! 111.3 | 170.8 | 1680 | 173.¢ 11.8 62.6 381 21.8 34.8 i 818 1 128 N
i | 176! 18.7| 169.1] 175.4] 12.6| 63.8 3% | 23] 366 ] 1 135
r14.0] 182.0; 169.3] 15.6| 17| 6Ls 37| =ms| 3ws .888 | 9.1 B
62| 1820 100.9 uss| 21| 8 G| 23| ard ] 816 d o eo
uso!l 8.7 170.0| was| 1L.7| 5% 22, 61 . a7 ] g3 -
U0 1193 | 18L5] 176.e| 167 1L5| 6.4 303] o20| 3a¢|f3%680| .19267 Cgig|f -0976 4 o} - -
1203 18207 17L0] 176.5| 1L0| 563 93] aLol| 373 0 g6 9.0 .-
120.2| 1830 171.8] 174! 1L2| 572 302| 213] 373 | 1 lwme 9.0 ,
net] s 1641| 17L11 13.9] 570 3se| 925.9] 455 1.063 T4 ]
ne2| 1860 170.0| 1780 0.0} s 3| 2o W0 L3 82
DLi| 182l 1722] 1782 57.1 5 ~ . - . 1923 Y
10§ 21g| 1820 0.2 176.1| 1.8, 521 35| Zmr| 4gif ST 2B Tegelp (1T S gg
126.3| 182 169.8] 1756 | 1L.3[ 483 3851 211| 42.8. 1 1005 7.0 :
5e| 1857 17L0! wea2| 05| 478 38| 19.7] 43 | ~970 6.7 o
; 100.0 | 1842 176.0{ 180.1 8.2 831 388 15.4 19.2¢
: 040 1807 1725] 17661 82 726 385| 15.3[ 2Ll
3 Lol 10S0| 1822] 10| LSl &2) 701 0| 5| 21, -
2 120 1820 175.2) 1786| 78| 666 71 sl ana'f----- o
S Heo| 125! 1meo| 1e2| 65| 652 38| 2| 187
10| 1827} 176.5| 1796 6.2] 636 38| T} e

1 Sappiied data: Radiating surface=206 square feet. Weight of radiator, dry=113 pounds; weight of radiator, full=173 pounds.

: Horsepower dissipated=0.02348X(B. t. ). i . X . e
s Horsepower absorbed =0.002664 (B V+1/6 W V) where V=air speed in M. H. P. R=resistance per square foot of radiating surface—pounds.

W=weight of full radiator per square foot of radiating surface—pounds. 6=L/D of airplane—assumed. .
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Tasre HL.—FIGURE OF MERIT FOR HEINRICH WING RADIATOR NO. 1!

{9 fins, 1-inch piteh]

5

Temperature in degrees F. B. L'y Ei}';égls-
= - - dissi- ’ Total r 100° HP.
- Rate of |pated per C Total re- Fesisfance | difference| absorbed
Lir speed . o flowin | minute | per100° 1 o, per of tem- per Flgure
'Vf leeH - Mean | pounds pei | difference! 5f~x§dia- square [ perature | square | L%mrit
MPEY ein | Water | W tor 1 Differ- differ- | of water | square | between tor in foot of per footof | H|P
funnel | iniet | outier | Mean § on 2| ence per footof | water ands ¢ [rediating] square [radisiing
of ®0€% lairand | minute ' T." ' andair | PO surface | footof | surface
) - = water . o =R radiating| =P+
: surface
=1
0.0 181.8 180. 0 1.8 90. 9 217 22.2 0.519 22.8
38. 8 1§2. 2 :180.2 20 g% i 217 23.4 | . 549 _ g%, é
. 1823 1 180.5 L8 | 9oL 212 2L 6 ! 507 : 2
50 900 | 1827 |150.8 191 o8 213 228 | 0080 | 0.0385 4 Cgap ip 0.0228 ¢ o35
;1 90.5 1 183.0 |18L0 2.0 qL5 217 24.5 t .86 25,2
90,5 ) 183.0 1819 L8 | one a1y 22,1 (g 228
92.0 |182.7 1 180.5 2.2 8%.6 217 27,6 .648 17,2
g;g 182.4 1180.1 2.% gg 8 213 % 5 . 669 iﬁg 3
- i . 182.2 (179.9 2. L1 213 . 8 - L677 - .
WM G35 {1818 | 1706 22 | s&T 217 285 | 126 4 L0889 4 gee 1p (080§ y7g
94,0 [ 18L5 | 179.4 2.1 86.5 218 27. 4 . . 643 il 1.1
945 | 1810 | 179.0 2.0 85.5 219 26.4 . 620 i 8.6
96.0 1 180.7 |178.2 2.5 X 219 33.9 798 18.8
gg 8 180.3 177.8 g g §2§ 2}.7 %4. % .803 gi 9
. 180.4 '177.9 L. 217 4, .813 o . 1
90 995 1180.7 | 178.2 25 | 80.0. 21 341 I 2030 ;1080 801 0577 & 138
ran = 181.0 4§ 178.5 2.5 79.3 212 . 34.6 ! . 813 4.1
180.9 | 178.5 2.4 787 212 33.4 . 785 13.6
181. 0 178.5 2.5 73.8 217 8. 38.0 . 843 10.6
181.1 178.6 2.5 72.§ 217 ég gg 7 . 909 10.3
18L0 {'178.5 2.5 70. 217 ¥ . 6 ” . 930 11,
t 180.8 | 1783 25 | 701 217 8.0 g0 |f 298 ) 1817 gzg If (OB 4 gy
180.8 .t 178.8 2.5 59.6 217 2.0 40.3 .846 1.2
1810 !178.5 2.5 69. 3 219 23,8 40.9 . §61 1.4
180.9 | 178.4 2.5 62,7 219 9.3 45.2 1,061 3.9
800 1708 0w w &9 &l 1 058 89
3 178.5 . .7 7 26,9 . 1. 058 3
! 18.0 11788 22 | 524 219 g g |p 000 | Loes 1033 I Lusr 84
1812 11790 2.2 | 6.6 219 249 440 1033 8.7
' 181. 4 179.2 2.2 55.3 219 24.9 451 1.058 ¢ 8.8
112.0 1 183.0 | 180.2 2.8 69.6 219 3L.7 45.6 107G .7
1250 |15 {1398 30 el ar ¥l &8 157 7
0 1822 11798 2|00 | a7 %.9 3 I 77
0. 1950 |182.2 | 180.0 2.9 | 561 217 27 sgp |1 4980 | W3 A4 gzp L1988 7.4
127.5 1182.4 | 180.2 2.2 53.8 213 A2 45.0 1,057 7.6
120.0 §182.6 1} 180,5 2.1 . 52.6 213 231 [ 43.9 1.03¢ l 7.4

1 Weight of radiator, dry =10.90 pounds; weight of radiator, wef=15.78 pounds. Radiating surface=19.35 square feet.

* Faired resistance values.

¢ HP. dissipated=0.02348XB. 1. u. .

¢ HP, absorbed=0.002664 (R V+4- 34 W V). V=air speedin M. P. H. R=resistance per square feet. of radisting surface in pounds, Wm=weight
of full radiator per square foot of radiating surface in pounds. 6=L/D of airplane, assumed.
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Taere IV.—FIGURE OF MERIT FOR HEINRICH WING RADIATOR NO. 3!

{6 Fins, 134" "pitch]

Temperature in degrees F. F EP. dis- o
B.t.u c Total Sle%a f&d" HP ' ’
Rate of |dissipated| per 100° | Total [resistance| differ- |absorbed|
Air Mean ﬁo‘v; lé petr min- déﬁe:- ):e&st-i per te.m:e o_f per Figtflre
speed | difer- | BN | Subre | botween | rachotor | footot | turaper | fastof | merit
M.P.H. | Alrin | Water | Water | ;.- i Differ-} ence, €r | squale ween | radiator | foot 0 ure per | foot of | Iert
tunnel | imiet | outlet | = v ence it per foot of mean in radiasting| square |radiating) =HfP
i ang | Mminute [radisting| water | pounds*| surface | footof | surface o
water surface G| andair = radiating] =Pt -
surface -
=H1
I erol 17551 1m3.8) 177 LT{ ST 161 212 249 0.568 210
| stol weol ey neol Lsi o sao 155 216 243 _571 221
T3 9.1 179, 1 155 18.0 9.5 ] las ol 15T
%0 88.0| 1800 1786] 1783' L4! 9L3 158 7.2 1gg!f 0493 0.0%82 o lp %9 170
R0 180.9] 193] O] Lel @1 158 19.6 23 | 1 500 19.3
1 oss51 1321 1s02f 2] L7 9Lg 158 208 226 531 L 2005 o
o0 0) 1883 IsL0) 1822 23] o632 155 o7 301" TolTor 16.6
90.5 | 183.9| ISLT gl za| 923 153 265 287 57 159
- 01,0 1s3.8| 1sL5| is27§ 23| oL¥ 155 a7 30.2 o7 - T oios | 16T
: 915 1887 18L5| Is2.6; 22| oLl 151 25.8 2.3 - 66l - 15,6
92.0| 1836 1SU3) 1825 23} 905 155 77 30.6 | 7I9 16.9
92.5 | 183.0| 1s0.9| 1820 -21! 895 15 5.2 282, T662 15.6 i
f oL5| 1824 Ime.e| 1sL2! 25| 867 155 30,1 347’ 't l8l5 12,6
| g0} sl mesl i) 23l 87 155 30.1 35.6 -536 12.9
| ero} -1 17 s0.1] 24 @1 155 28,9 348 , 35 TR
90 975} 150.6| 178 2] T95| 24| 820 155 2.9 35.3 [ L#%) .18 gaalp -048 5 Tog
980! 1%0.4] I78.0] 1:9.3| 24| 8.3 155 25.9 35.6 . 1 s 128
| 55 0 0] I:83| 30 s 151 35.2 ! 1 1less 16.1 .
if102.0] 1800 Irr.2] 19ms! 28] e8] - 15 33,7 a4’ 't Lo33 1.0 -
i 5| Ied| Lm0l Les| oz 7ES 155 30.1 40.3 | 1 Tless 10.1
045! 170 6.7 | 1779 73. 4 155 77 38! ] lssr 9.4
B0 ioeo| 1e0| mes| 17ms| 25| 718 155 301 algly 214 Lesf ‘st |l %N 105
j10ms | imsl 763) 1me! 23| Tor 155 30.1 430! | Lot 10.8
ll0s5! 1786 1m6.2] Tra! 24| 689 155 258 420 i Tose 105
i(u2s| 1os| eS| 2l 27 esr 155 325 495" 1.162 8.8
husoi 20| e L] 06l 29| oo 155 319 5.2 | Lo 9.5
J 1o 1 180.5 | ISL 271 629 155 325 517 - Lo Sl o2
130 N 905 | 1844 Isig| Is i} 26| 62.6 155 313 500 289 .2WLy g BBy gy
J1e2l0| 1s37| 1S3 1825)] 24| 605 155 289 g8l - Lz 85
T200| 1837 1813 188.5] 241 59.5 118 25,9 56! il Tia 87
127.0| 18€4| 1520} 12| 24| 552 155 289 52.4 | 't 10930 8.0
IR NE T et 770 52.3 | | 1s 80
i 132, 8. 183, 1] 3 158 20¢} . 6.8, | 133 g7
M0 i35} Isssl 1s3s| ey 23)  sLe 153 282 sa.p ! 8201 2950, rogzlr B30 gy
il 135,51 185.9 1s3.9] 15491 20! 154 158 545 495 1354 7.5 ,
) I 13701 185.8] 183.0] 18L9| el 479 158 233 87 LR Te

1 Weight of radiator, dry=8.03 pounds, weight of radiaior, wet=12.02 pounds. Radiating surface=12.20 square feet.

1 Faired resistance values,

3 HP. dissipated=0.02348XB.t.0. R 7

1 HP. absorbed=0.002664 (R V+14 1. V=air speed in M, P.H. R=resistance per square foot of radiating surface in pounds., W =weight
of full radiator per square foot. of radiating surface in pounds. 6=L{I of airplane, assumed.

Tasre V—FIGURE OF MERIT FOR CURTISS RADIATOR! 7 -

[Shutter open]

§ . i -

I Total re- | LE- dissi- 3

1Air speed; _; pated per Figure of |

gL P, | SStance of hioee of tem- | IIP- 807 | “merit of i

: H.) (pounds) pe:?&uzre =HfP i ]

i _ ]

Pooa0 6.11 56. 91 2.62 2171 | B

! 50 16.50 99.39 574 I7.51 .

: n 31.43 141. 45 10.84 13.05 | -

i 90 51.05 75.44 18,63 9.42 T

! 110 73.19 197.22 20.87 6.61 B

i 130 103.79 217.65 45.21 4.81 |

| | . o
1 Weight of radiator, dry=105.6 pounds; ~ . ' .”7. - mei=159.8 pounds; frontal core area=3 square feet.
* Resistance values were computed from + . ° ", »faired curve. . . N )
? Values for H were taken from 9-inch = L » tests in Report No. 183, and increased in proportion to the changs in core area,

neglecting effect of header area.
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TaBLE VI—WATER-PRESSURE DROP INSIDE RADIATOR FOR DIFFERENT RATES OF FLOW

[Pressure head—inches of water]

; U. 8. U.8
Water flow pounds per : e G.& O, Rome G. &0, G. & O, G. &0 G. &0 G. &0,
minute Corfridge, ) Cariridee, | “y7gs04 | Turmey | 176503 | 176567 76506 | 176505 | i7s02
2.52 1.80 2.65 1,55 1,60 2,47 6.0 1.62
5.45 3.86 5.65 3.45 3.60 5.58 13.5 3.48
2.35 _B8.60 .75 8.10 6. 45 9.90 24.0 8.00
14.25 10,00 14.80 9. 50 10.10 15,50 37.8 9.10
20.10 14,00 21.00 13. 60 14,50 22.40 54,0 12,90
27.00 18.%0 28,00 18.60 20.00 30. 50 73.8 17.20
34,50 24,00 36,00 24.20 26. 00 39. 50 96,0 22.00
43,00 29,80 44,80 . 30.50 33.00 5000 o ieiiieciamanenen
FOR LAMBLIN RADIATOR
Water oW, . oooaomueos 125 150 175 200 1 280 ’ 300 350 400 450
Pressure droPuceeenan. 15.3 21.9 30.0 3.8 T 60.5 E 870 118 145 198

Tasre VII.—PRESSURE DROP IN RADIATOR FOR VARIOUS RATES OF FLOW

Rate of flow in Pressure drop in
pounds of water!? radiator in
per minute inches of mercury

HEINRICH RADIATOR NO. 1
(¢ FINS, I-INCH PITCH)

0 0
145 2.60
189 4.00
224 5.45
248 6. 80

HEINRICH RADIATOR NO. 3
(6 FINS, 134-INCH PITCH)

26

0
14
60

]

4 L
*

8

! Temperature of water=180° F.



